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EV0LUTI0H OF MODERN AVIATION AND EXPERIMENTAL 

AND TEGHNICAL RESEARCHES IN AERODYNAMIC LABORATORIES.* 

By A. Tous saint, 
Director of the Aeroteohnio Institute of Saint Gyr. 

The art of oonstruoting airplanes is now in full evolution, 
not to say revolution* This traiisf otmation is still proceeding 
slowly, but for mdny builders who have not hesitated to leave 
the beaten track, thiB slowness has been due to difficulties of a 
financial or material rather than of a teohnioal order. 

This evolution affeots very different points, suoh as the 
general shape and dimensions of airplanes, the materials used in 
their construction, etc. These considerations are, moreover, mu- 
tually related. We know, in fact, that the exclusive use of metal 
depends on the size of the airplane and the shape of its wings. 

We propose to examine here only one of the essential oauses 
of this evolution, that arising from experimental researches and 
theoretical studies in aerodynamioal laboratories. 

I 1 B g g- 

■Ggqgral (^ayterig-fcipg of Qq<?<x wi^g b^ipm. 

Modern airplane wings have sections and shapes dearly deduoed 
from the most recent discoveries of aerodynamics. 

Let us first consider wing sections. A good wing section 
must offer the minimum parasite resistance and be capable of pro- 
ducing considerable lifting forces. 

* Taken from "L'Aerophile, " November 1-15, 1931. 
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The drag of a wing section generally comprises two parte: 

1. The resistance due to the friction of the air on its 

•■ * - , ..... 

Thole surface; 

3. The resistance due to impact and to the separation of 
air from wing, with the consequent parasitic vortices. 

The drag of good modem wing seotions is reduced almost en- 
tirely to the first kind of resistance, that is, to friction. 
This constitutes a considerable degree of progress, whloh the 
-laboratories have been able to put into effect, as a result of 
improvements in their equipment. Henoe the contour of these 
wing sections is such that the molecules of air encountered by 
the wing follow its surface,- without impaot or separation. The 
air "acts" perfectly on these wing sections, like fluids on the 
blade of a turbine. Of course this maximum improvement only cov 
ers the range of the angles of attack employed in aviation, 
which, however, already constitutes quite an extensive domain. 
The impact and separation of the air streams are always experi- 
enced, even on very good wing sections, whenever the angle of at 
taok is very much above or below its normal range. 

It is well to note that a long series of these good wing 
seotions has been designed in accordance with the theory of the 
motion of perfect fluids. This had previously been determined 
for the best shapes of airships and streamlined rounded bodies. 

Drag Due to the Friction of the Air . 
The friction of the air on the wings is not a negligible 
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quantity. Many experimenters have determined its laws of varia- 
tion with the speed and surfaoe areas. We thus find that the fric- 
tion does not increase exactly as the square of the velocity nor 
as the area of the surfaoe. This means that the friction on one 
square meter of surfaoe will he just so much less, for a given 
speed, as the square meter under consideration forms part of a lar- 
ger surfaoe. In the same way, equal speed aooelerations do not 
oorrespond to equal increments of friction. 

The laws of friotion, of the air on plane surfaces, are well 
known and oan be applied with just so much oloser approximation, 
as there is less separation of the fluid molecules from the mod- 
ern contours. We aooordlngly find that one square meter of lift- 
ing surfaoe on an airplane flying 100 m/seo (360 km/hr) would re- 
quire about 8 HP to overcome friotion alone, assuming the surface 
to be well -poliahad . This figure might be doubled with a less 
perfect polish. For the airplane built only for speed, like those 
participating in the Deutsch contest, the lifting surfaoe being 
13.5 square meters, for example, the engine power absorbed by the 
friotion on the wing alone would be about 100 HP. To this must 
be added the power absorbed by the friotion of the air on the oth- 
er parts of the airplane. 

Accurate knowledge of the resistance due to the friotion of 
the air, therefore, requires that the constructor varnish and pol- 
ish, with the greatest oars, all the exterior surfaces of his air- 
planes. We know, moreover, that another objeot of this varnishing 
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and "doping 11 Is to shrink the fabric covering of the wings. 17ith 
progress in construction, fabrio nded not he considered, hut the 
wood or metal coverings replacing, them must be carefully polished 
if there is to be an Improvement over the small coefficients of 
friction of the famished fabrio surfaces now employed. 

Of course, the amount of the power absorbed by friction is 
not so great in an airplane of medium speed (commercial) , " though 
the increased friction due to its larger dimensions partially off- 
sets the diminution of friction due to lower speed. 

Drftff Duff to LJLft. 

Unfortunately, the drag of a wing due to friction is not the 
only drag. There is also the drag due to the lift, required to 
offset the weight of the airplane. This has been found to be pro- 
portional to the square of the lift. The cost of the lift conse- 
quently increases very rapidly with the magnitude of the drag. 

But the coefficient of proportionality, that is to say, the 
other faotor which enters into the value of the drag due to the 
lift depends only on the shape and disposition of the airplane. 
It seems therefore that the coefficient oould be made very small, 
if the means of construction at our disposal enable the realizat- 
ion of the best shapes and dispositions. Experience lias, in 
fact, shown that increasing the aspect ratio and the gap is the 
proper means of diminishing the drag due to lift. 

As a result of the experimental researches and theoretical 
studies in aerodynamic laboratories, the constructing engineer 
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can now determine In advance the advantages or disadvantages In- 
herent in_all _ the shapes and dispositions suggested to him by the 
requirements of construction. He can definitely determine wheth- 
er he must employ a single wing (monoplane) ■ or a biplane or multi- 
plane oell and the best proportions to give them. 

Fuselage. Tail Planes emd Ot her Alplane Part s. 

The laws of the resistance of the air to the fuselage are 
likewise accurately determined experimentally. In truth,, a fuse- 
lage should have the shape of a revolving solid with the least 
head resistance. We can determine in advance the correot outline 
followed by the fluid molecules in air without viscosity. For 
suoh an outline, especially applicable to airship hulls, the head 
resistance is almost entirely due to the friotion of the air. 
The amount due to impact and separation of the fluid streams is 
very small on such hulls and frequently does not exceed one-third 
of the total drag. 

But for airplane fuselages, the necessities of oonstruotion, 
conditions of inhabitability and equipment, and communication with 
other parts often necessitate modifications of the ideal outlines. 
Nevertheless, the praotioal fuselage forms are tested in aerody- 
namio laboratories, whioh determine all their characteristics and 
also the influence .of the. particular dispositions due to the equip- 
ment or to the communications with the other parte. 

In the same way, the aerodynamio properties of the tail planes, 
taken singly or in conjunction with other parts, have been studied 
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experimentally in great detail. 

The oase ie the same with resistances due to landing gears, 

" * * . , 

external f ittings, etc. For these parts in particular,' the lator- 
atory has shown that the values of the resistances measured on 
small models are rarely applicable to the full size. Fortunately, 
the experimental apparatus haB "been sufficiently improved to en- 
able the direct testing of these parts in full size. It is the 
results of these measurements that the engineer must apply in his 
calculations. 

i ntera ction of Airplane Pft£ts« 

By interaction is meant the reciprocal aotion of two or more 
parts of an airplane or other aircraft, a reciprocal aotion whioh 
modifies, to a greater or less degree, the aerodynamic properties 
of eaoh part taken separately. 

Certain of these interactions have been accurately determined 
and can be calculated in advance for various combinations of two 
parts. These inolude, for example, the interaction or gap resist- 
ance of two or more wings superposed in such manner as to form a 
biplane or- multiplane cell. 

The interactions of the wings and horizontal tail planes have 
likewise been determined by a very oomp^ete study of the magnitude 
and direction of the downwaeh behind a wing. 

Other interactions are of a more oomplex nature and can only 
be determined experimentally in each particular oase. Such are, 
for example, the reciprooal aotions of the wings and fuselages, 



exterioi* fittings, the ground, etc Lastly, as we shall sea fur- 
ther, along, the propeller itself reacts on the various parts of 
. the airplane. 

The total drag of an airplane can therefore he calculated 
from the individual resistances and interactions. 

Airplane Propeller.. 
Propellers have heen the object of a considerable number of 
systematic experimental researches. It may be said that the con- 
structing engineer can surely find in this accumulation of docu- 
ments the most suitable propeller for solving his particular prob- 
lem. Moreover, general rules have been established whioh still 
further extend the field of application of the experimental re- 
sults. 

Lastly, the interactions of two tandem propellers and those 
between one or two propellers and the wings and fuselages of an 
airplane have been determined experimentally. Rules have been 
enunciated whioh render it possible to establish with certainty 
the complex engine-propeller groups of certain types of giant air- 
planes. Numerous and varied data enable us to oaloulate the inter 
action of propeller and airplane. 

Aj 1 1F T? 1 ff.ng in its Entirety. E volution of Shanes . 
Either by the sum of the individual resistances and interac- 
tions of its parts or by testing a small model, the aerodynamio 
properties of a oomplete airplane have been determined in aerody- 
namic laboratories. 
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The engineer accordingly lias in hand all the data for calcu- 
lating hie airplane and for determining ite performances, degree 
of stability, maneuverability,' etc He knows the aerodynamic 
price, that is to say, the share of the total drag borne by each 
part, and consequently the engine power required for predetermined 
performances. 

Under these condition?, he can work out the structural de- 
tails with more confidence. It must be ncted that the study of 
peace-time airplanes and especially of large modern airplanes ne- 
cessitates large expenditures. The construction, followed by final 
adjustments and trials, requires considerable capital. It is 
therefore important to leave nothing to chance and to prevent fail- 
ure at any cost. 

Knowledge of the aerodynamio characteristics of airplanes has 
drawn the attention of investigators to the great importance of 
parasite resistances and interactions between essential parts, 
namely, the wings and tail planes. One of the most marked improve- 
ments in modem airplanes oonsists in obtaining airplane forms for 
which these parasite resistances are zero or as nearly so as possi- 
ble. By utilizing modern wing sections, which, aside from their 
aerodynamio qualities, have the advantage of being relatively 
thick, engineers have been enabled to place nearly all bracing, 
engines, eto. , inside the wing, so that the airplane tends toward 
a flying wing, equipped with one or more fuselages for supporting 
the tall planes and landing gear. 
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One of the essential factors in modern progress and evolution 

of aviation evolves therefore from the experimental researches 

~ T ■ '- ■ -*> 

and theoretical investigations of aerodynamic l&boratoriee. 

CpB<?lTAgipP« 

The technical data already obtained by the experimenters of 
the different countries is considerable, but the problems are con- 
oontinually changing and increasing* 

It is therefore important for our aerodynamic laboratories 
to be provided with the neoessary material and means for perform- 
ing the immense task devolving upon them. It was, in faot, by 
increasing the efficiency of the experimental apparatus that the 

remarkable properties of modem wing seotlons were discovered. 
Perhaps by tomorrow these means will be insufficient. 

It is important, especially for the present, to utilize to 
the fullest extent the experimental equipment of existing labora- 
tories. This is simply a question of sufficient appropriations for 
paying the indispensable technical experimenters. An experimental 
investigation is not simply making more or less accurate weighings 
or measurements, but it necessitates a thorough ' study of the prob- 
lem presented, of previous documents and of the causes of error, 
a Judicial and critical analysis of the data obtained and the mak- 
ing of deduotionsitherefrom. This work is of an order more intel- 
lectual than material and constitutes the reason why it should on- 
ly be entrusted to competent intellects. Such a select personnel 
merits material recompense corresponding to the nature of its work. 
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In this connection, theoretioal investigations are desirable 
and should even precede She experiments. It is remarkable that 
most of the good modem wing seotions were designed by purely 
theoretical methods. The teaching of theoretioal aerodynamics 
should be systematized in this respect, not simply because it con- 
stitutes a science of general culture (general motion of fluids), 
but also because such instruction will direct many of our future 
professors and scholars toward the teohnioal problems of aerial 
locomotion. 

Government appropriations and private donations to this wori 
will constitute an investment of the first order, for science 
pays dividends in the form of discoveries whose far-reaohing mor- 
al and financial effects are incalculable. Aerodynamics is no 
exception to this rule. 

It would, moreover, be extremely dangerous for our future 
safety to fall behind certain other countries in this respect,, 
which, unfortunately, is now the oase. Nevertheless, we have in 
Franoe, everything necessary for conducting these researches and, 
in certain respects, we even possess better experimental apparatus 
than any other oountry. Let us beware lest our failure, for the 
sake of economy, to provide for the appointment of a few addi- 
tional engineers., may cost us very dearly in the future. 

Translated by the National Advisory Committee for Aeronautics. 
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